ABSTRACT
INTRODUCTION
Syzygium polyanthum (Wight) Walp. or in Malay known as 'salam' or 'serai kayu' is an ethnomedicinal plant commonly used among Malay folks as fresh salad or as flavour enhancer in cuisines. 1 Other than that, the leaves are traditionally consumed for treating hypertension, diabetes mellitus, diarrhea, rheumatism, hypercholesterolemia, gastritis and hyperuricemia. 2 Few studies have discussed on the phytochemical constituents of S. polyanthum leaves. Amalina et al 3 reported the presence of α-pinene (30.88%) as the major compound, followed by octanal (18.30%) and α-caryophyllene (6.22%) while Hamad et al 4 reported another major compound which is cis-4-decanal (43.49%) in essential oil of S. polyanthum leaves. The later study also stated that the essential oil were mainly composed of aldehyde, hydrocarbons and some bioactive compounds such as β-caryophyllene, α-humulene, caryophyllene oxide, α-copaene, α-selinene and α-zingiberene. 4 Other than studies on the leaves essential oil, there were few studies which focused on the leaves crude extracts. Preliminary phytochemical screening analysis of crude methanolic S. polyanthum leaves extract showed the presence of tannins, flavonoids, glycosides, alkaloids, carbohydrates, steroids, triterpenoids and flavonoids. 5, 6 Phenolic compounds such as caffeic acid and gallic acid were previously identified in crude macerated methanolic extract of S. polyanthum leaves by high performance liquid chromatography and liquid chromatography mass spectrometry analyses. 7 Analysis on the crude macerated methanolic extract of S. polyanthum leaves has detected squalene as the major compound. 5, 8 Another analysis on the macerated n-hexane extract similarly found squalene as the major compound (30.45%) followed by n-hentriacontane (6.57%). 8 Most phytochemicals previously studied were extracted using solvent maceration and steam distillation methods, however, the use of ultrasound-assisted extraction (UAE) method is not well-documented. The present study has utilized UAE method, a different extraction method from the other previous studies. Basically, UAE method
GC condition
The injector temperature was set at 250 º C, column temperature program was set at 50ºC (0 min) with an increasing rate of 3 º C/min to 300 º C (10 min). The carrier gas used was pure helium gas (99.999%) with its flow rate of 0.8mL/min. The split ratio used was 1:10.
MS condition
The ion source and ionization voltage used was electron ionization (EI) and 70eV respectively. The ion source temperature was set as 200°C and the detection voltage at 0.87kV. The interface temperature was 250°C with its solvent cut-off time of 2.0 min. The start time was set at 2.5 min and the end time was set at 93 min.
Identification of components
Compounds were identified based on molecular structure, molecular mass, and calculated fragments. Interpretation of data was based on mass spectral matching with standard compounds in Wiley 229, NIST11 (National Institute of Standards and Technology) and FFNSC1.3 (Flavour and Fragrance Natural and Synthetic Compounds) libraries. The retention time was matched, and the relative amounts of individual components were shown as the percentage peak areas relative to the total peak area. Only selected peaks with similarity index of 70% and above with Wiley, NIST or FFNSC libraries were chosen and identified.
RESULTS

Percentage yield
The percentage yield for HSP, EASP and MSP were tabulated in Table 1 . Mean percentage yields were obtained for two batches of each extract. Among the three extracts, methanol extract gave the highest percentage yield while hexane extract gave the lowest yield.
GC-MS analysis for n-hexane extract of S. polyanthum leaves
A total of 21 peaks were identified in GC-MS chromatogram of HSP ( Figure 1 ). Upon comparing of their mass-spectral databases with Wiley, NIST and FFNSC libraries, these phytochemical compounds were identified and characterized as listed in Table 2 . There were five major compounds identified from the HSP chromatogram. The most abundant compound in HSP was an unknown compound with retention time of 62.093 min (31.912%), followed by squalene (8.776%), phytol (8.409%), α-pinene (4.921%) and lastly α-tocopherol (4.900%). The rest of compounds were present by the amount of less than 4%.
GC-MS analysis for ethyl acetate extract of S. polyanthum leaves
There were 27 peaks identified in GC-MS chromatogram of EASP (Figure 2) . Upon comparing of their mass-spectral databases with the Wiley, NIST and FFNSC libraries, these phytochemical compounds were identified and characterized in Table 3 . EASP extract was mainly composed of an enhances solvent penetration through plant cell with the aid of sound wave. 9 Its mechanistic action includes fragmentation, erosion, and destruction-detexturation of plant structures, thus, this will enhance the diffusion process by increasing the solute transfer rate. 10, 11 This method is usually employed for its higher extraction efficiency and its shorter extraction time as compared to maceration and soaking with the less amount of solvent application. 9, 10 Recently, UAE method was applied in many researches to enhance extractability of phenolic, thermo-labile and unstable compounds. 12, 13 A recent study by Ramli et al 13 has utilized this method for extraction of S. polyanthum leaves, and has proven that the extract possess significant renal protective effect in Spontaneously Hypertensive Rats. Thus, this study aims to extract the phytochemical compounds in S. polyanthum leaves using ultrasound-assisted method and to analyse the phytochemical compounds using GC-MS analysis.
MATERIAL AND METHODS
Materials and Reagents
Ethyl acetate, n-hexane and methanol were purchased from Merck (Germany). S. polyanthum leaves were collected from the District of Ketereh, Kelantan, Malaysia in May 2016. The leaves (1.3 kg) were dried for a week at room temperature in the laboratory. The herbal specimen was authenticated and deposited into Forest Research Institute Malaysia herbarium (Specimen voucher number: PID-171011-10). The dried leaves were then ground into fine powder and kept in temperature of 1-5ºC for further analysis.
Preparation of Extract
Preparation of extract was carried out based on ultrasound-assisted extraction (UAE) method previously reported by Ramli et al. 13 Briefly, 250 g of powdered S. polyanthum leaves were soaked in n-hexane (100 mL) and then sonicated at 24°C for 30 min using a sonicator (Sonicor SC221, USA). After filtration with Whatmann filter paper No. 1, the hexane layer was evaporated using a rotary evaporator (Buchi R-200, Switzerland) to afford the hexane extract (HSP). Similarly, the experiment was repeated by using the residue from the previous extraction, soaked and sonicated in ethyl acetate (100 mL) and finally repeated three times in methanol (3 × 100 mL), respectively. After filtration and evaporation, the ethyl acetate and methanol extracts afforded the extract of ethyl extract (EASP) and methanol (MSP), respectively. The crude extracts were stored at -20°C prior to further analyses.
Instrumentation
The GC-MS instrument (Shimadzu GCMS-QP2010 Ultra, Australia) with chromatographic system of GC-2010 was utilized in this analysis. All the three extracts were analysed on capillary column (BPX5-5% phenyl (equivalent)/95% methyl polysilphenylene/siloxane phase, 30 m × 0.25 µm x 0.25 µm, Shimadzu). unknown compound found at retention time of 62.290 min (27.042%), followed by squalene (8.345%), another unknown compound at retention time of 67.797 min (5.747%), phytol (5.715%) and lastly β-sitosterol (4.959%). Other than these five main compounds, the rest of compounds were found in a relatively low amount of less than 4%. Figure 3 ). These peaks which were identified and characterized by comparing their mass-spectral databases with the Wiley, NIST and FFNSC libraries was tabulated in Table 4 . Similarly, the most abundant compound was an unknown compound with retention time of 61.98 min (22.386%); these was followed by squalene (10.913%), β-sitosterol (5.560%), pyrogallol (5.247%) and phytol (4.952%). The rest of the compounds were also not abundant with the amount of less than 4%.
GC-MS analysis for methanol extract of S. polyanthum leaves GC-MS chromatogram of MSP showed presence of 31 peaks (
DISCUSSION
Organic crude extracts from S. polyanthum leaves (hexane-HSP, ethyl acetate-EASP and methanol-MSP) were sequentially extracted using ultrasound-assisted extraction (UAE) method. Gas ChromatographyMass Spectrometry (GC-MS) analyses on HSP, EASP and MSP showed that each crude extract was composed of different phytochemical compositions. Overall, they were basically composed of hydrocarbons, aldehydes, terpenoids, phenolics, fatty acids, monoterpenes, diterpenes, triterpenes and sesquiterpenes. Sesquiterpenes were found as highest in composition in which they have contributed to the total amount of 41.63%, 31.32 % and 22.58 % in HSP, EASP and MSP, respectively. There were 21, 27, and 31 compounds identified in the GC-MS chromatograms for HSP, EASP, and MSP, respectively. Nine compounds (nerolidol, caryophyllene oxide, farnesol, phytol, squalene, β-tocopherol, γ-tocopherol, α-tocopherol and β-sitosterol) were present in all three extracts. Certain compounds such as α-pinene and linalool co-exist in both HSP and EASP while α-humulene, β-selinene, 9,12,15-Octadecatrien-1-ol, hentriacontane, pentacosane, and octanal co-exist in both EASP and MSP. The major compound in HSP, EASP and MSP was an unknown compound, each detected at retention time of 62.093, 62.2290 and 61.980 min, respectively. This may have suggested that this unknown compound might be the same compound, however, this will require further analysis for characterization. Terpenes, such as squalene (an isoprenoid compound) and phytol (a cyclic diterpene alcohol) were observed as among the next major components in all extracts. This finding was in agreement with previous studies that also found squalene as their major compound in macerated methanolic 5 and hexane 8 extracts of S. polyanthum leaves. Besides squalene, phytol was also identified as the most abundant compound in the macerated ethanolic extract of S. polyanthum leaves. 14 These findings have greatly supported our finding in which squalene and phytol are the main volatile compounds in S. polyanthum leaves. On contrary, n-hexatriacontane and n-triacontane which were reported by Hamad et al 8 in macerated hexane extract were not found in this study. Other than that, the unknown major compound which were detected in all three extracts in this study was not detected in these previous studies. Even so, these few differences in phytochemical composition might be contributed by the dissimilarities in the employed extraction method. Our study utilized sequential UAE method while the other previous studies utilized direct maceration method. In terms of geographic location, the plant materials used in this study was obtained from S. polyanthum leaves grown in Malaysia, while the other previous studies mainly harvested the leaves from S. polyanthum plant grown in Indonesia. Other than these major compounds, the rest of compounds only showed relative amount of less than 4%. There were 20 bioactive compounds detected in HSP, EASP and MSP as summarized in Table 5 . Few known antidiabetic compounds such as linalool 15 and β-sitosterol 16 were identified in the present study. As such, S. polyanthum leaves extracts were previously shown to exhibit anti-diabetic properties on alloxan-induced 17 and on streptozotocininduced 5 diabetic rats. Antibacterial compounds identified in this present study include α-pinene which was active against Staphylococcus aureus;
18 linalool which was active against Escherichia coli; 19 and palmitic acid (n-hexadecanoic acid) which was active against Salmonella typhii 20 With relation to that, previous study also found that S. polyanthum leaves extracts possessed antibacterial activity against Staphylococcus aureus,
21
Bacillus cereus 6 and Bacillus subtilis. 22 Asides from antibacterial compounds, there were also some antifungal compounds found in the present study. This include nerolidol 23 and caryophyllene oxide 24 which were active against Trichophyton mentagrophytes; and farnesol which was active against Candida albicans.
25 Accordingly, S. polyanthum leaves extract has exhibited some antifungal activity, but against Alternaria alternate and Colletotrichum capsicii. 26 Other than that, this study also found few cytotoxic compounds such as linalool and octanal; 19 α-humulene; 27 and pyrogallol (1,2,3-benzenetriol). S. polyanthum leaves extract has also exhibited cytotoxic effect on HB4C5 human hybridoma and mouse colon 26 adenocarcinoma cells; 29 and on 3T3-L1 cell lines proliferation. 30 Some anti-tumour compounds such as farnesol 31 and squalene 32 were also found in this study. Previously, S. polyanthum leaves extract were reported to exhibit some anti-tumour promoting activity, but against Raji cells. 33 Moreover, an anticancer compound, phytol 34 and the anti-proliferative and pro-apototic compound, 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one 35 were also found in this study. S.polyanthum leaves extract was also known for their anti-inflammatory property. 36 Nerolidol, α-humulene, phytol, farnesol, azulene, caryophyllene oxide, neophytadiene and α-pipene were among the known terpenoids with anti-inflammatory properties found to be present in this study. A hypotensive compound α-pinene was found in HSP extract in this study. In agreement with that, S. polyanthum leaves extract was previously reported to reduce blood pressure of normotensive and hypertensive rats.
1 S. polyanthum leaves extract also possessed antioxidant properties. 14, 37, 38 Accordingly, this study has found some known phenolic compounds with anti-oxidant property such as 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one, 39, 40 β-tocopherol, 41 pyrogallol (1,2,3,-benzenetriol) 28 and α-tocopherol.
41,42
CONCLUSION
GC-MS analyses of n-hexane (HSP), ethyl acetate (EASP), and methanol (MSP) of S. polyanthum leaves extracted using ultrasound-assisted method have revealed the presence of few major compounds such as phytol, squalene and an unknown compound that requires further characterization. Some of the identified compounds in S. polyanthum leaves extract in this study are known bioactive compounds with therapeutic importance. Even though the association between these structure-activity relationships was not directly being proven yet, this study may serve as a basis for further investigation.
